Obtaining high-quality and intact RNA from the pancreas is a crucial starting point for many molecular biology applications. This has proven to be difficult, because pancreas contains large quantities of proteases, DNases and RNases that initiate an autolytic process almost immediately upon harvest. Despite several approaches, including rapid removal of pancreas from the abdominal cavity, homogenizing at cold temperatures, inhibition of contaminating RNases, enrichment of mRNA species, and elimination of contaminating DNA (1-7), isolation of intact and high-quality RNA from pancreas remains a challenge. Here we report a method that consistently yields high quality RNA from pancreas and permits other applications, including tissue histopathology. Although similar to the in situ ductal perfusion technique reported by Mullin et al. (3) , our method is simpler, does not require cannulation of the pancreatic duct, and does not cause histological artifacts.
All experimental animal protocols were approved by the University of Iowa Institutional Animal Care and Use Committee. Newborn piglets (<24 h of age) (Sus scrofa) and adult mice were euthanized, and pancreas was harvested within 10 min following euthanasia. The pancreas was dissected in a half, with one half acting as control for the conventional sample preparation and the other half perfused with the RNase inhibitor solution RNAlater (Qiagen, Valencia, CA, USA) (n = 6 for piglets, n = 5 for mice). Results were expressed as mean ± SEM, and statistical analysis was done by one-way analysis of variance (ANOVA) with Dunnett's Multiple Comparison Post-Test.
One-half of the pancreas was cut into small pieces, placed in cryovials, and snap-frozen in liquid nitrogen, or cut into small pieces and placed in RNAlater and kept overnight at 4°C, or processed immediately for RNA isolation after brief storage in RNAlater. Long-term storage was at -80°C.
The other half of the pancreas was perfused with RNAlater using a 1-mL syringe and a 26 gauge × ½ inch needle. Multiple injections of the pancreas were made until a visible swelling was observed (Figure 1) . The pancreas perfused with RNAlater was then cut into small pieces, placed in cryovials, snap-frozen in liquid nitrogen, and stored at -80°C.
Tissue homogenization was performed using Fisherbrand Disposable Pestle System (no. 03-392-106 grinder, 0.5-mL pestle size; Fisher Scientific, Pittsburgh, PA, USA), and RNA was extracted using Qiagen RNeasy Lipid Tissue Mini kit (no. 74804; Qiagen). The optional DNase digestion step was performed to prevent genomic DNA contamination.
Following RNA extraction, RNA integrity numbers (RIN) were obtained using Agilent 2100 bioanalyzer system (Agilent Technologies, Santa Clara, CA, USA). This system determines the integrity of RNA and automatically calculates RNA concentration in relation to the relative ratio of 18S and 28S ribosomal peaks (8) . The RIN software uses a numbering system from 1 to 10, with 1 being the most degraded profile, and 10 being the most intact RNA.
RNA was degraded with decreased 18S and 28S ribosomal RNA bands and increased baseline signal prior to 18S and 28S bands in piglet pancreata that were snap-frozen or kept at 4°C overnight following immersion into RNAlater after the tissue harvest ( Figure 2 , A, B, E, and F). RNA isolated from pancreas either immediately or after perfusion with RNAlater yielded the best results ( Figure 2 , C, D-F). Perfusing pancreas with RNAlater was superior to immersing in RNAlater, presumably because it allowed RNAlater to penetrate into the organ and stop the degradation process faster. The low yield of RNA from the immediately frozen pancreas samples was consistent with a rapid degra- Isolation of high-quality RNA from pancreas is challenging because the organ contains large quantities of RNases and undergoes autolysis upon harvest. Here we present a simplified perfusion method of the pancreas using an RNase inhibitor. The technique consistently yields high-quality RNA from stored pancreas samples suitable for molecular biology applications, including quantitative RT-PCR. Yields are comparable to RNA isolated from pancreas immediately, but superior to RNA isolated from stored samples that were snap-frozen or immersed in an RNase inhibitor solution. In addition, when compared to the previously reported in situ ductal perfusion technique, our method does not cause histological artifacts. To determine whether RNA isolated with perfusion of the pancreas could be used for downstream molecular biology applications, we performed quantitative RT-PCR (qPCR) for cystic fibrosis transmembrane conductance regulator (CFTR) using a methodology we previously described (10) . RNA isolated with our method resulted in excellent amplification (Figure 3 ).
Benchmarks
Perfusing pancreas with an RNase inhibitor has the potential to disrupt the tissue structure and create artifacts (John Alan Kiernan, personal communication) (11) . For an optimal preservation of the tissue structure, a section of the pancreas should be removed first for histological examination, followed by RNAlater perfusion for RNA extraction (11) . To test whether the previously described duct perfusion method (3) disrupts tissue architecture, we examined histological sections of pancreas after perfusion with RNAlater via the pancreatic duct and compared with the sections that were not subjected to duct perfusion. Duct perfusion with RNAlater disrupted the architecture of the pancreas (Figure 4) . We next tested whether the in situ duct perfusion technique would be feasible for histopathological studies if an adequate sample (~5 mm) was removed from adult mouse pancreas before the perfusion. Removal led to the leakage of RNAlater into the abdominal cavity, preventing the visible ballooning and translucency of the pancreas described with this method (n = 3) (3). Therefore, in contrast to Mullin's technique, our method offers the versatility of performing molecular biology applications, as well as tissue histopathology.
We used RNAlater, a commercially available RNase inhibitor. Because the ingredients of RNAlater are not available, we cannot directly compare the results to other RNA isolation agents, including reagents containing phenol and guanidine thiocyanate to inhibit RNase activity (i.e., TRI-reagent, TRIzol). 
A E F C B D
We applied the pancreas perfusion technique for RNA isolation to two different species, at two different age groups, newborn pigs and adult mice. Because the University of Iowa does not have the facilities to raise pigs to reach adulthood, we were not able to demonstrate whether our technique could be applicable to adult pigs.
In summary, our method is a simplified and more versatile modification of the in situ ductal perfusion technique reported by Mullin et al. (3) . Our pancreas perfusion method does not interfere with the RNA quality and integrity that can be associated with tissue storage and performs as if RNA is isolated immediately without freezing. The technique yields excellent quality RNA from pancreas for molecular biology studies and does not create histological artifacts. 
